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Abstract
We study N = 1 compactification of IIB supergravity to AdS4. The internal
manifold must have SU(2)-structure. By putting some restrictions on the SU(2)
torsion classes, we can perform an exhaustive scan of all possible solutions on group
manifolds. We show that sourceless solutions don’t exist and that the presence of
O5 and O7 orientifolds is mandatory. We also find a new solution and relate it by
T-duality to a known type IIA solution with O6 planes.
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1 Introduction
Even if of no direct phenomenological interest, compactifications to four-dimensional Anti de
Sitter space are worth studying for several reasons. For instance, they are relevant for the
CFT3/AdS4 correspondence and they might represent the first step in the construction of de
Sitter vacua in string theory. In type IIA the literature on SUSY AdS4 flux vacua is plentiful:
examples have been found both with [1–5] or without sources [6, 7]. Among the vacua with
sources some (see for instance [8, 9] and their T-duals [10–12]) contain fully localized sources.
However most examples involve intersecting sources, D-branes or O-planes, which are smeared
in the transverse directions. This raises the question of what is the meaning of a smeared
orientifold plane and how such solutions can lift to full string theory [13, 14]1
The aim of this paper is to study AdS4 vacua in type IIB theory. These are less studied than
their IIA counterparts. Some work in this direction can be found in [16, 17] and more recently
in [18]. A first question we aim at answering is the existence of AdS4 SUSY vacua without
sources. These clearly avoid all the aforementioned problems about the possible validity of
the solutions and are clearly important in the context of AdS/CFT. While supersymmetric
AdS4 vacua without sources are known in type IIA, there is only one known example in type
1Some partial result about O6 planes can be found in [15].
2
IIB [19]. Using SU(2) structure techniques2, the authors of [16] showed that, for constant warp
factor and a specific choice of SU(2) torsions, only non supersymmetric sourceless vacua can be
found. One goal of this paper is to extend the analysis to a larger class of manifolds. The most
general form of the supersymmetry equations is too complicated to give general results. For this
reason we will focus on group manifolds admitting an SU(2) structure and look for solutions
with constant warp factor. From simple manipulations of the traced Einstein equations it is
easy to see that in absence of sources the internal manifold must have positive curvature [18].
This condition already rules out all nilmanifolds as candidates for sourceless vacua in type IIB.
In this paper we will prove a stronger result: under some restrictions on the SU(2) torsions
(namely the vectors in the torsion classes are set to zero), it is not possible to have sourceless
solutions. We will leave the analysis of the warped case for future work.
The same approach used to look for sourceless solutions, allows to scan all possible AdS4
N = 1 SUSY vacua in type IIB on group manifolds. As before we will consider constant warp
factor and no torsions in the vector representation of SU(2). We use the pure spinors formalism
developed in [10, 20, 21]. This permits to solve the SUSY equations using algebraic equations
on the components of the fields on the internal manifold. In this way we have been able to put
constraints on the possible group manifolds and obtain an exhaustive list of which manifolds
admit an AdS4 vacuum. An important side result of this analysis is the fact that O5 and O7
planes are necessary in order to have such vacua. Unfortunately, the presence of intersecting
orientifolds forces us to use smeared sources.
This paper is organized as follows. In Section 2 we give the general conditions that the
fields on the internal manifold have to satisfy in order to have N = 1 AdS4. We also give the
general form of SU(2)-structure and rewrite the SUSY equations in this case. In Section 3, we
specialize to group manifolds and solve the SUSY equations in this case. We also discuss the
charges coming from the RR Bianchi identities and we prove that no sourceless solution exist.
In Section 4, we give the exhaustive list of group manifolds admitting an AdS4 solution in our
framework and we discuss a new solution on a solvmanifold. There we also prove that O5 and
O7 orientifolds are necessarily present.
Appendix A gives the structure constants of the group manifold after having solved the
SUSY equations. Appendix B gives the solutions to the NS Bianchi identity. Finally, in
Appendix C we discuss how our new solution is related by T-duality to the IIA solutions given
in [10].
2 The supersymmetry conditions
We are interested in N = 1 SUSY AdS4 vacua in type IIB theories. As discussed in [16,22] such
solutions are only possible when the compactification manifolds have SU(2) structure group.
Let us recall that a manifold is said to be of SU(2) structure if it admits a complex one form
2As shown in [4,18]N = 1 SUSY vacua in type IIB supergravity only exist on manifolds with SU(2) structure.
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z, a real and a holomorphic two-form, j and ω, that are globally defined and satisfy
zxz¯ = 2 , zxz = z¯xz¯ = 0 , (2.1)
j ∧ ω = 0 , (2.2)
zxj = zxω = 0 , (2.3)
j ∧ j =
1
2
ω ∧ ω¯ . (2.4)
Such forms can be constructed as bilinears of two globally defined spinors, η+ and χ+ =
1
2
zη−
zm = −χ
†
−γmη+ , (2.5)
jmn = −iη
†
+γmnη+ + iχ
†
+γmnχ+ , (2.6)
ωmn = −iχ
†
+γmnη+ . (2.7)
In order to study N = 1 vacua with non trivial fluxes, it is convenient to use the language
of Generalized Complex Geometry [23, 24]. The idea is to express the ten-dimensional super-
symmetry variations as differential equations on a pair of polyforms defined on the internal
manifold. In type IIB, one can decompose the ten-dimensional supersymmetry parameters as
ǫi = ζ+ ⊗ η
i
+ + ζ− ⊗ η
i
− i = 1, 2 , (2.8)
where ζ+ and η
i
+ are Weyl spinors in four and six dimensions respectively
3 and
η1+ = aη+ ,
η2+ = b(k‖η+ +
1
2
k⊥zmγ
mη−) , (2.9)
where z = zmγ
m is the SU(2) structure one-form and η± are as in (2.5). The complex functions
a and b give the norms of η1 and η2
‖η1+‖
2 = |a|2 , ‖η2+‖
2 = |b|2 , (2.10)
while the parameters k‖ and k⊥ (k
2
‖ + k
2
⊥ = 1) are related to the choice of structure on the
internal manifold. When k‖ = 0 and k⊥ = 1 the structure is SU(2), while the general case
where both k‖ and k⊥ are non-zero is often referred to as dynamical SU(2) structure
4. When
k‖ and k⊥ are non zero and constant, we speak of intermediate SU(2) structure rather than
dynamical SU(2) structure [25].
Then, one can use the spinors ηi to define two polyforms on the internal manifold M
Φ± = η
1
+ ⊗ η
2†
± , (2.11)
whose explicit form depend on the choice of structure on M . In the most general case of
intermediate SU(2) structure they are
Φ− = −
ab
8
z ∧ (k⊥e
−ij + ik‖ω) , (2.12)
Φ+ =
ab¯
8
ezz¯/2(k‖e
−ij − ik⊥ω) , (2.13)
3We choose the gamma matrices in such a way that ηi− = (η
i
+)
∗ and ζ− = (ζ+)
∗
4When k‖ = 1 and k⊥ = 0 the internal manifold is said to be of SU(3) structure. We will not consider this
case here.
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where z, j and ω are the forms defining the SU(2) structure. The norm of the pure spinors Φ±
is related to the norm of the spinors ηi by
〈Φ±, Φ¯±〉 = −i‖Φ±‖
2vol6 = −
i
8
|a|2|b|2vol6 , (2.14)
where vol6 is the volume of the internal manifold and the product
〈A,B〉 = (A ∧ λ(B))|top (2.15)
is the Mukai pairing among forms, where λ acts on a form as the transposition of all indices
λ(ωp) = (−)
⌊p/2⌋ωp . (2.16)
As shown in [20], for type IIB compactifications to AdS4 the ten-dimensional supersymmetry
variations are equivalent to the following set of equations on the pure spinors Φ±
(d−H∧)(e2A−φΦ−) = −2µe
A−φReΦ+, (2.17)
(d−H∧)(eA−φReΦ+) = 0 , (2.18)
(d−H∧)(e3A−φImΦ+) = −3e
A−φIm (µ¯Φ−)−
1
8
e4A ∗ λ(F ) , (2.19)
where φ is the dilaton, A the warp factor
ds2 = e2Ads2(4) + ds
2
(6) , (2.20)
and F is the sum of the RR field strength on M , F = F1+F3+F5. The ten-dimensional fluxes
are defined in terms of F by
F(10) = vol4 ∧ λ(∗F ) + F . (2.21)
The complex number µ determines the size of the AdS4 cosmological constant
Λ = −|µ|2 . (2.22)
Notice also that, for AdS vacua, supersymmetry constraints the norms of the two six-
dimensional spinors to be equal [10]
|a|2 = |b|2 = eA . (2.23)
Only the relative scale between the spinor being relevant, we can always rescale η+ in such a
way that
b¯ = a ,
b
a
= e−iθ . (2.24)
It is convenient to introduce the rescaled forms
ωˆ = eiθω , (2.25)
zˆ =
µ¯
|µ|
z , (2.26)
but for simplicity of notation, we will drop the ˆ symbols in the rest of the paper.
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Plugging the explicit form of (2.12) and (2.13), into the SUSY variations (2.17)-(2.19), one
can deduce the general conditions for AdS4 N = 1 SUSY vacua in terms of the forms z, ω, j
and the fluxes. As discussed in [18], (2.17) implies
k‖ = 0 or cos θ = 0 . (2.27)
The first choice corresponds to a rigid SU(2) structure, while the second fixes the relative phase
of a and b.
The supersymmetry conditions for rigid SU(2) structure were derived in this language in [18]
and amount to a set of differential conditions on the SU(2) forms
d(e3A−φz) = 2|µ|e2A−φωI , (2.28)
z ∧ (dj − iH + |µ|e−A z¯ ∧ ωR) = 0 , (2.29)
d(e2A−φωI) = 0 , (2.30)
d(e2A−φz ∧ z¯ ∧ ωR) = 2ie
2A−φH ∧ ωI , (2.31)
plus equations for the RR fluxes
∗F5 = 3e
−A−φ |µ|zI , (2.32)
∗F3 = −e
−4A d(e4A−φωR) + 3e
−A−φ|µ|zR ∧ j , (2.33)
∗F1 = −i d(2A− φ)z ∧ z¯ ∧ ωI − e
−φH ∧ ωR
+
1
2
e−A−φ|µ|zI ∧ j ∧ j . (2.34)
With non trivial fluxes, the SU(2)-structure forms are in general not closed. Their dif-
ferentials can be expanded into representations of SU(2), the SU(2) torsion classes (see for
instance [4,18,26]). There are 20 SU(2) torsion classes: 8 complex singlets, 8 complex doublets
and 4 complex triplets. In view of the application to group manifolds, we choose to parametrize
the torsions in a slightly different way than what was used in [4,18,26]. The form z defines an
almost product structure on M , which induces a (global) decomposition of the tangent space
TM = T2M ⊕ T4M , (2.35)
where the subbundle T2M is spanned by the real and imaginary parts of the form z. On T4M
we define the following basis of two-forms
T a = {j, ωR, ωI , j˜1, j˜2, j˜3} a = 1, . . . , 6 , (2.36)
where j and ω define the SU(2) structure and the j˜a form a triplet of anti self-dual two-forms
such that5
5Given the decomposition (2.35), we can write the 6-dimensional Hodge star as ∗6(A ∧ B) = ∗2A ∧ ∗4B,
where A ∈ T2M and B ∈ T4M . One can derive
∗21 =− zR ∧ zI ∗2zR =zI ∗2zI =− zR ∗2(zR ∧ zI) =− 1 (2.37)
∗41 =
1
2
j ∧ j ∗4j, ωR, ωI =j, ωR, ωI ∗4j˜i =− j˜i ∗4j ∧ j =2 . (2.38)
6
j˜i ∧ j˜k = −δikj ∧ j , j˜i ∧ j = j˜i ∧ ω = 0 . (2.39)
In what follows, in order to simplify the computations, we will set to zero the torsion classes
in the 2 of SU(2)6 and we will parametrize the exterior derivatives of the two-forms T a as
follows
dz = S0zR ∧ zI + SaT
a , (2.40)
dT a = (M1)
a
bzR ∧ T
b + (M2)
a
bzI ∧ T
b , (2.41)
where Sa are seven complex scalars and Mi are two real torsion matrices of the form
Mi =


t1i1 t
1
i2 t
1
i3 t
1
i4 t
1
i5 t
1
i6
−t1i2 t
1
i1 t
2
i3 t
2
i4 t
2
i5 t
2
i6
−t1i3 −t
2
i3 t
1
i1 t
3
i4 t
3
i5 t
3
i6
t1i4 t
2
i4 t
3
i4 t
1
i1 t
4
i5 t
4
i6
t1i5 t
2
i5 t
3
i5 −t
4
i5 t
1
i1 t
5
i6
t1i6 t
2
i6 t
3
i6 −t
4
i6 −t
5
i6 t
1
i1


. (2.42)
With an abuse of notation, we will call torsions the singlets Sa and the coefficient of the
matrices Mi. The redundancy in the elements t
a
ib is fixed by imposing on the two-forms T
a the
constraints
d(T a ∧ T b) = 0 ,
d2T a = 0 . (2.43)
We have already enforced the first set of the above conditions. We still have to impose equa-
tions of the type d(dT a) = 0, which are much harder to solve since they are quadratic in the
coefficients tiaj . We will come back to this problem in Section 3.2 where we found a way to
linearly solve them.
3 Looking for vacua
In order to find N = 1 supersymmetric vacua one has to solve the supersymmetry variations
and then the Bianchi identities for the fluxes. In this formalism, the supersymmetry conditions
are easy to solve, since they reduce to a set of linear algebraic constraints for the elements
of the matrices Mi. The Bianchi identities are harder to handle since they require solving the
quadratic constraints d2T a we introduced above. In this section we will solve the supersymmetry
equations (2.28) - (2.31). Then we will solve the constraints d2T a in the case of group manifolds.
Finally we will solve the Bianchi identities: we will show that there exist no sourceless solutions
and give the list of all group manifolds admitting a vacuum.
6Notice that in presence of orientifolds, these torsion classes are automatically put to zero.
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3.1 SUSY constraints
In order to solve the SUSY variations (2.28) - (2.31), besides (2.40) and (2.41) for the SU(2)
structure forms, we need a similar decomposition of the NS H flux
H = h1azR ∧ T
a + h2azI ∧ T
a . (3.1)
Then we use the SUSY equations to put constraints on the torsions classes and on the
coefficients of H . Indeed, by plugging (2.40), (2.41) and (3.1) into (2.28)-(2.31) (we take φ and
A constant), one can show that
S0 =S1 = S2 = S4 = S5 = S6 = 0 , (3.2)
S3 =2e
−A|µ| , (3.3)
h11 =h21 = h13 = h13 = 0 , (3.4)
and that the torsion matrices take the following forms :
M1 =


0 −(2e−A|µ|+ h22) 0 −h24 −h25 −h26
2e−A|µ|+ h22 0 0 t214 t
2
15 t
2
16
0 0 0 0 0 0
−h24 t214 0 0 t
4
15 t
4
16
−h25 t215 0 −t
4
15 0 t
5
16
−h26 t216 0 −t
4
16 −t
5
16 0


, (3.5)
M2 =


0 h12 0 h14 h15 h16
−h12 0 0 t224 t
2
25 t
2
26
0 0 0 0 0 0
h14 t
2
24 0 0 t
4
25 t
4
26
h15 t
2
25 0 −t
4
25 0 t
5
26
h16 t
2
26 0 −t
4
26 −t
5
26 0


. (3.6)
The RR fluxes are then determined from (2.32)-(2.34).
3.2 The quadratic equations for group manifolds
Before looking at the Bianchi identities, we will now solve the quadratic equations of the form
d(dT a) = 0. Unfortunately, plugging (3.4)-(3.6) into (2.41), the equations d(dT a) = 0 are
quadratic in the torsion coefficients taib and the flux parameters hia, so that it is not an easy
task to solve them. We will limit ourselves to group manifolds and enforce these quadratic
conditions directly on the basis of one-forms ei, which will simplify the problem.
As already said, we are interested in six-dimensional homogeneous group manifolds. A
homogeneous group manifold is specified by a basis of globally defined one forms, ei, satisfying
the Maurer-Cartan equations
dei = −
1
2
f ijke
j ∧ ek , (3.7)
with f ijk constant. In this case imposing d
2ei = 0 gives the Jacobi identities
f i[jkf
k
l]i = 0 . (3.8)
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By an appropriate choice of basis ei, the SU(2)-structure can always be put in the form
z =z1e
1 + iz2e
2 ,
j =j1e
36 + j2e
45 ,
ωR =
j1j2
ω1
e34 + ω1e
56 ,
ωI =−
j1j2
ω2
e35 + ω2e
46 , (3.9)
where all the coefficient are real. Similarly, the SU(2) triplet of anti-self dual two forms j˜i can
be written as
j˜1 =j1e
36 − j2e
45 ,
j˜2 =−
j1j2
ω1
e34 + ω1e
56 ,
j˜3 =−
j1j2
ω2
e35 − ω2e
46 . (3.10)
3.2.1 Solving the Jacobi Identities on group manifold
Once we use the expressions (3.9) and (3.10) for z and T a, the quadratic constraints d2T a = 0
is clearly satisfied since we know that the one-forms ei must satisfy the Jacobi identity d2ei = 0.
The idea is then to express the structure constants in terms of the torsion parameters and the
fluxes hia and then solve explicitly the Jacobi identities in terms of such parameters.
Plugging (3.9) and (3.10) in the torsion equations (2.40) and (2.41) gives the structure
constant in terms of the torsion taib and the coefficient hia. Since they are not particularly
enlightening we give the explicit expressions in Appendix A. Then we can impose the Jacobi
identities. Fortunately some of these equations are linear in taib and in hia after we impose
the SUSY constraints and one can solve the full set of the Jacobi identities. The result is
quite simple. It puts all coefficients of the matrix (3.5) to zero whereas (3.6) is unchanged.
Concerning the structure constants, here it is also very simple, f 3j1, f
4
j1, f
5
j1, f
6
j1 are put to zero
and the other ones are left unchanged.
3.2.2 Intermediate SU(2) structures on group manifolds
Up to know we restricted our analysis to the case of rigid SU(2) structure k‖ = 0. In this
section we will briefly discuss the case of intermediate SU(2) structure when restricted on
group manifolds. As we saw in Section 2, having both k‖ 6= 0 and k⊥ 6= 0 forces to set θ = −
pi
2
.
Then, for constant dilaton and warp factor, (2.17) and (2.18) give
dzR = −
2e−A|µ|
k⊥
[
k⊥ωR + k‖(j + zR ∧ zI)
]
, (3.11)
dzI = 0 , (3.12)
dωR =
k‖
k2⊥
[
−k⊥dj + 2|µ|e
−AzI ∧ (k‖j + k⊥ωR)
]
(3.13)
z ∧
[
dj − ik2⊥H − ik⊥k‖dωI − |µ|e
−Az¯ ∧
( k‖
k⊥
(1− 2k2⊥)2ij − ωI + 2ik
2
‖ωR
)]
= 0 ,(3.14)
ik⊥z ∧ z¯ ∧ dωI − 2k‖j ∧H − 2k⊥ωR ∧H − ik‖z ∧ z¯ ∧H = 0 , (3.15)
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while (2.19) can be used, as always, to determine the RR fluxes
eφ ∗ F5 = 3zI |µe
−A|k⊥ , (3.16)
eφ ∗ F3 = k‖H − k⊥dωI + 3|µe
−A|
(
k⊥zR ∧ j + k‖(zI ∧ ωI − zR ∧ ωR)
)
, (3.17)
eφ ∗ F1 =
−1
2k⊥
(
2k‖k⊥j ∧ dj + 2k
2
⊥ωI ∧H − |µe
−A|zI ∧ j ∧ j(1 + 3k
2
‖)
)
. (3.18)
Repeating the analysis of the SUSY conditions and Jacobi identities in this case, it is lengthy
but straightforward to show it is not possible to solve these equations. This means the only
way to have AdS4 vacua with N = 1 is to be on a strict SU(2)-structure manifold.
3.3 Bianchi identities
In order to find a supersymmetric vacuum we still have to solve the Bianchi identities for the NS
and RR fluxes. These are the equations that tell us whether we can have sourceless solutions
and, if sources are needed, of which type they must be. In this work we assume that there are
no NS5 branes, meaning that the NS Bianchi identity, dH = 0, simply puts more constraints on
the parameters taib and hia. Such constraints are in general quadratic in t
a
ib and hia and admit
different possible solutions. We give the explicit form of the NS Bianchi identities as well as its
various classes of solutions in Appendix B.
Since one of the aim of this paper is to see whether sourceless solutions are possible, we
discuss in detail the RR Bianchi identities
dF1 = δ(D7/O7) , (3.19)
dF3 −H ∧ F1 = δ(D5/O5) , (3.20)
dF5 −H ∧ F3 = δ(D3/O3) , (3.21)
where δ(Dp/Op) is the charge densities of the space-filling sources. It is easy to see that for
our solutions
δ(D3/O3) = 0 . (3.22)
The other two equations give
δ(D7/O7) = −10e−φ|µe−A|2ωI , (3.23)
δ(D5/O5) = e−φzR ∧ zI ∧
[
(10|µe−A|2 + 3h212 + (t
2
24)
2 + (t224)
2 + (t225)
2 + (t226)
2)ωR
+(h14t
2
24 + h15t
2
25 + h16t
2
26)j + (3h12h14 − t
2
25t
4
25 − t
2
26t
4
26)j˜1
+(3h12h15 + t
2
24t
4
25 − t
2
26t
5
26)j˜2 + (3h12h16 + t
2
24t
4
26 + t
2
25t
5
26)j˜3
]
. (3.24)
Note that we haven’t enforced the condition dH = 0 in above expressions above. A common
feature of the solutions of Appendix B of the NS Bianchi identities is that the coefficient in
front of zR ∧ zI ∧ j in δ(D5/O5) vanishes.
3.3.1 Sourceless solutions
For constant warp factor, there are some general arguments allowing to characterize the mani-
folds that could give sourceless solutions. In particular, by taking appropriate linear combina-
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tions of the 10-dimensional equations of motion in absence of sources, we arrive at
R4 = 2V = −2
∑
p
|Fp|
2 < 0 , (3.25)
R6 =
∑
p
9− p
2
|Fp|
2 > 0 , (3.26)
which imply that in order to have sourceless solutions the internal manifold must have posi-
tive curvature. This condition rules out all nilmanifolds as possible candidates for sourceless
solutions, but still leaves open the possibility of having other group manifolds.
However, from the Bianchi identities in the previous section, we immediately see that it is
not possible to avoid O7 or D7 sources (see (3.23)), thus ruling out the possibility of having
sourceless AdS SUSY vacua in type IIB. This is very unlike type IIA where many source free
solutions where found [6, 7].
Since T-duality does not create sources out of nothing, one might wonder whether it is
possible to generate sourceless solutions in IIB T-dualizing one of the known sourceless solutions
of IIA, for instance those in [6]. One can check that in all known IIA solutions the isometries
on which one could T-dualize correspond to cycles that shrink to zero at some points, thus
giving rise to non compact solutions, which are outside the classification of this paper.
3.3.2 Sign of charges
In this section we want to look at the sign of the charges in the Bianchi identities in order to
see if D-branes or O-planes are involved. We will follow the approach of [10]. The source terms
(3.23) and (3.24) can be written as sum of decomposable forms (this is necessary if they are to
describe a plane)
δ(D7/O7) =
∑
N(D7/O7)ije
i ∧ ej ,
δ(D5/O5) =
∑
N(D5/O5)ijkle
i ∧ ej ∧ ek ∧ el .
We want to rewrite them in terms of the volume forms orthogonal to the cycles wrapped by
the source. We define volij as the decomposable form proportional to ei ∧ ej and normalized
such that
〈volij, ImΦ+〉 = −vol6 = −i〈Φ+,Φ+〉 . (3.27)
Similarly, one can introduce volijkl. With these definitions, the sources can be written as
δ(D7/O7) =
∑
n(D7/O7)ijvol
ij , (3.28)
δ(D5/O5) =
∑
n(D5/O5)ijklvol
ijkl , (3.29)
where n(D7/O7)ij and n(D5/O5)ijkl can be seen as densities of charges on the cycle wrapped by
the sources, they give the sign of the charges. On the other hand, N(D7/O7)ij and N(D5/O5)ijkl
are more similar to total charges and these should be generally of order one on a solution since
they are directly related to the number of D-branes or orientifolds.
In order to fix our conventions for the signs of n(D7/O7)ij and n(D5/O5)ijkl we recall briefly
the case of Minkowski compactifications. In this case, one can show that the tadpole condition
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is equivalent to [10]
∑
p
|Fp|
2 vol6 = 〈F, ∗λ(F )〉
=
∑
i
ni〈vol
i, ImΦ+〉 = −
∑
i
ni vol6 , (3.30)
where, for simplicity, we denoted by ni the charge density of a generic source and by vol
i
the corresponding transverse volume. In order to solve the tadpole condition, we need a net
orientifold charge. This means that we can associate orientifolds to a negative charge density
ni and branes to a positive one. In this paper we will use the same conventions: if n(D7/O7)ij
and/or n(D5/O5)ijkl are negative we have an overall O-plane charge and viceversa.
Using the definition above, one finds that
n(D7/O7)35 = n(D7/O7)46 = −
5e−3A−φ
4
|µ|2 < 0 , (3.31)
implying that, in order to have an AdS SUSY solution on a group manifold, one must always
have two intersecting O7-planes. Since we have intersecting orientifolds, we will only consider
smeared sources. The D5/O5 case does not give any general condition, and we analyze it case
by case in the next section.
4 Scanning group Manifolds
We can use the formalism developed above to perform a complete search of group manifolds
admitting N = 1 AdS4 solutions in type IIB. This amounts to determining the set of structure
constants that solve both the supersymmetry conditions and the Bianchi identities.
The logic is the following. We first impose the supersymmetry constraints (2.28)-(2.34) and
the Jacobi identities for the SU(2) structure on the generic group manifold.
We then look at the Bianchi identities: first the RR 1-form, then the NS 3-form and finally
the RR 3-form. The BI for the RR 1-form implies that the solutions necessarily have intersecting
O7-planes. Then the compatibility of the algebrae with the orientifold involution forces to set
h16 = t
4
26 = t
2
26 = t
5
26 = 0 . (4.1)
As given in Appendix A, the expressions for f ijk are not very manageable. Moreover, in
looking for solutions, one usually proceed in the opposite way: given an internal manifold, one
would like to find the coefficients of the torsions and H flux in terms of the structure constants.
By inverting these relation we find the following expressions for the parameters in the SU(2)
ω2 = −
f 146z1
2e−A|µ|
j2 = −
D
4j1
, (4.2)
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with D =
f1
35
f1
46
z2
1
4|e−Aµ|2
, the torsions
t425 =−
1
8j1z2ω1
(
−f 426D − 4f
5
23ω
2
1 + 4j
2
1(f
3
25 −
4f 624ω
2
1
D
)
)
,
t225 =
f 323 + f
4
24
z2
,
t224 =−
1
8j1z2ω1
(
−f 426D + 4f
5
23ω
2
1 + 4j
2
1(f
3
25 −
4f 624ω
2
1
D
)
)
, (4.3)
and the H flux
h15 =−
1
8j1z2ω1
(
f 426D + 4f
5
23ω
2
1 + 4j
2
1(f
3
25 +
4f 624ω
2
1
D
)
)
,
h12 =−
1
8j1z2ω1
(
f 426D − 4f
5
23ω
2
1 + 4j
2
1(f
3
25 − 4
f 624ω
2
1
D
)
)
,
h14 =
−f 323 + f
4
24
z2
. (4.4)
We also find that
f 525 = −f
3
23 f
6
26 = −f
4
24 . (4.5)
The non-zero free parameters are now : j1, z1,z2, ω1, f
1
35, f
1
46 and f
3
23, f
3
25, f
4
24, f
4
26, f
5
23, f
6
24.
As already mentioned, the NS Bianchi identity is quadratic in the free parameters. As a
result we find three different solutions, which we give in detail in Appendix B.
We then study the O5 source equations in each of the three solutions of the NS Bianchi
identity. If the charge densities n(D5/O5) are negative, there are additional constraints on the
structure constants due to the presence of an O5-plane in the directions 34 and 56
f 323 = f
4
24 = 0 . (4.6)
As a result of this procedure we find that N = 1 AdS4 solutions are very rare and all have
intersecting O5-planes besides the O7 we already mentioned. We give the list of solutions in
Table 1 where the O5 column tells us if there is presence or absence of O5 plane.
algebra O5 type of manifold name
(35 + ǫ46, 0, 0, 0, 23, 24) X nilmanifold n3.13, n3.14
(35 + 46, 0, 0, 0, 23, 0) X nilmanifold n4.1
(35 + 46, 0, 0, 0, 0, 0) X nilmanifold n5.1
(35 + ǫ46, 0, 25,−ǫ26,−ǫ23, 24) X solvmanifold g6.88 and solv1
Table 1: list of group manifolds admitting an AdS SUSY solution (ǫ = ±1).
The solutions on nilmanifolds have already been studied in this framework in [18], and we
refer to that reference for details. In the next section we describe the last solution in the table,
which, to our knowledge, is new. Concerning the names of the new manifold, look at appendix
D for an detailed explanation7.
7The author would like to thank David Andriot for a useful discussion about solvmanifold algebras
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4.1 A new solution
As far as the author knows, (35+ǫ46, 0, 25,−ǫ26,−ǫ23, 24) is a new solution in the literature on
the subject. But as we will see in appendix C, it can be obtained as a T-dual of a Lust-Tsimpis
type solution in IIA given in [10].
Before giving the explicit vacua, let’s give some properties of the algebra. It is easy to see
that it is a solvable algebra. From its Killing form


0 0 0 0 0 0
0 −4ǫ 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0


, (4.7)
one can see that this algebra is compact if and only if ǫ = −1.
We give here all the quantities of interest on the vacua. The SU(2) structure forms are8
z =ǫǫ12|e
−Aµ|j1e
1 + z2e
2 ,
j =j1(e
3 ∧ e6 − ǫe4 ∧ e5) ,
ωR =− ǫ
j21
ω1
e3 ∧ e4 + ω1e
5 ∧ e6 ,
ωI =ǫ1j1(ǫe
3 ∧ e5 + e4 ∧ e6) . (4.9)
We can easily compute the Ricci scalar
R6 =− 4|µe
−A|2 −
(
j21 − ǫω
2
1
j1z2ω1
)2
. (4.10)
The solution has non trivial NS and RR fluxes
H =
1
ω1
2|µe−A|z2(ǫj
2
1e
2 ∧ e3 ∧ e4 − ω1e
2 ∧ e5 ∧ e6) , (4.11)
F1 =10e
−φǫ1|e
−Aµ|2j1e
1 , (4.12)
F3 =e
−φ |e
−Aµ|j1
z2ω1
[
3z22ω
2
1(ǫe
2 ∧ e4 ∧ e5 − e2 ∧ e3 ∧ e6)
+2ǫ1(j
2
1 − ǫω
2
1)(e
1 ∧ e3 ∧ e6 + ǫ1e
1 ∧ e4 ∧ e5)
]
, (4.13)
F5 =− 6e
−φǫǫ1|e
−Aµ|2j31e
1 ∧ e3 ∧ e4 ∧ e5 ∧ e6 , (4.14)
8Similarly the triplet of anti-self dual two-forms are given by
j˜1 =j1(e
3 ∧ e6 + ǫe4 ∧ e5) ,
j˜2 =ǫ
j21
ω1
e3 ∧ e4 + ω1e
5 ∧ e6 ,
j˜3 =ǫ1j1(ǫe
3 ∧ e5 − e4 ∧ e6) . (4.8)
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giving rise to the the charges
n(D5/O5)1234 =
e−φ
4

−5|e−Aµ|2 + ǫ−
ω2
1
j2
1
z22

 , (4.15)
n(D5/O5)1256 =
e−φ
4

−5|e−Aµ|2 + ǫ−
j2
1
ω2
1
z22

 . (4.16)
with ǫ1 = ±1. Notice that we still have three free parameters (j1, z2 and ω1). Note also that
n(D5/O5)1234 + n(D5/O5)1256 = −
5e−φ
2
|e−Aµ|2 − e−φ
(
j1
2z2ω1
−
ǫω1
2j1z2
)2
< 0 , (4.17)
which means that at least one of them is negative and so there is, as we said, at least one
O5-plane.
A natural question to ask is whether this solution has a good classical supergravity limit,
it allows for separation of scales and large volume limit. Using the same approach of [18] we
obtain
weak coupling Large volume scale separation (1) scale separation (2)
X × X X
5 Conclusion
In this paper, we studied AdS4 flux vacua with N = 1 SUSY in type IIB supergravity with
and without sources. It is well known that such vacua are only possible on manifold with
SU(2) structure. The presence of fluxes implies that the intrinsic torsions are non trivial. For
constant dilaton and warp factor, it was shown in [4] that, if only the singlets in the torsions are
non-zero, no supersymmetric sourceless solutions exist. In this paper we extend the analysis
to a more general class of SU(2) torsions where only the vector representations are set to zero,
but we keep the warp factor and dilaton constant. In order to be able to solve the Bianchi
identities, we have also restrict our analysis to group manifold. Under this restriction we show
that, contrary to type IIA, no sourceless supersymmetric solutions are allowed. In particular
we show that O7 and O5/D5 sources are necessarily present.
We also performed an exhaustive scan of possible N = 1 AdS4 vacua on group manifolds.
Such solutions are quite rare. The presence of the orientifold planes and supersymmetry severely
constraint the form of the structure constant and we find that very few solutions are possible.
Namely some nilmanifolds that had already been studied in [18] and one new solution on a
solvmanifold.
Our analysis assumes constant dilaton and warp factor and also does not cover the most
general SU(2) structure manifold, since we set to zero all the torsions in vector representations.
Notice that such torsions are put automatically to zero in presence of orientifold, so one can
hope that by turning them on, one can evade the necessity of O-planes. One can also devise
a method to solve the quadratic equations in another way that the one used here in order to
free oneself from the use of group manifold only. The general method would still work and one
could discover new vacua.
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There are also more general developments one can do that are not directly related to the
method used. For example, one should understand how one could have fully localized sources
and the use of the pure spinors formalism could help [15]. As we said we can try to look to
non SUSY vacua close to the SUSY one and hope to find stable dS vacua (unstable ones were
found for example in [27–32]). But with more vacua available, there is hope to find a stable dS
vacuum.
Acknowledgements
I would like to thank Michela Petrini, Alessandro Tomasiello and Thomas Van Riet for
helpful discussions and advice.
A Structure constants
Here we give the expression of the structure constants in term of torsion classes and coefficients
of the NS three form H after having solved the SUSY equations. We only list the non-zero
structure constants
f 1jk =


0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 |µ|e
−Aj1j2
z1ω2
0
0 0 0 0 0 − |µ|e
−Aω2
z1
0 0 − |µ|e
−Aj1j2
z1ω2
0 0 0
0 0 0 |µ|e
−Aω2
z1
0 0


f 2jk =


0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0


f 3j1 =


0
0
−1
4
(h24 + t
2
15)z1
(h26−t416)z1ω2
4j1
−
(h22+h25−t214−t415+2|µ|e−A)z1ω1
4j1
(t2
16
−t5
16
)z1ω2ω1
4j1j2


f 3j2 =


0
0
1
4
(h14 − t225)z2
− (h16+t
4
26
)z2ω2
4j1
(h12+h15+t224+t
4
25
)z2ω1
4j1
(t2
26
−t5
26
)z2ω2ω1
4j1j2


f 4j1 =


0
0
(h26+t416)j1z1
4ω2
1
4
(h24 − t215)z1
(t5
16
−t2
16
)z1ω1
4ω2
(h22+h25+t214+t415+2|µ|e−A)z1ω1
4j2


f 4j2 =


0
0
(t4
26
−h16)j1z2
4ω2
−1
4
(h14 + t
2
25)z2
(t5
26
−t2
26
)z2ω1
4ω2
(−h12−h15+t224+t
4
25
)z2ω1
4j2


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f 5j1 =


0
0
(h22−h25+t214−t415+2|µ|e−A)j1z1
4ω1
−
(t2
16
+t5
16
)z1ω2
4ω1
1
4
(h24 + t
2
15)z1
(h26+t416)z1ω2
4j2


f 5j2 =


0
0
(−h12+h15+t224−t
4
25
)j1z2
4ω1
−
(t2
26
+t5
26
)z2ω2
4ω1
1
4
(t225 − h14)z2
(t4
26
−h16)z2ω2
4j2


f 6j1 =


0
0
(t2
16
+t5
16
)j1j2z1
4ω2ω1
−
(h22−h25−t214+t415+2|µ|e−A)j2z1
4ω1
(h26−t416)j2z1
4ω2
1
4
(t215 − h24)z1


f 6j2 =


0
0
(t2
26
+t5
26
)j1j2z2
4ω2ω1
(h12−h15+t224−t
4
25
)j2z2
4ω1
−
(h16+t426)j2z2
4ω2
1
4
(h14 + t
2
25)z2


B Solving the NS Bianchi Identity
In this appendix we list the explicit solutions of the NS Bianchi identity
dH =(h212 − h
2
14 − h
2
15)zR ∧ zI ∧ j − (h14t
2
24 + h15t
2
25)zR ∧ zI ∧ ωR
+(h15t
4
25 − h12t
2
24)zR ∧ zI ∧ j˜1 − (h12t
2
25 + h14t
4
25)zR ∧ zI ∧ j˜2 (B.1)
=0
We found three different types of solutions (here ǫ = ±1)
Type 1
h12 =ǫ
√
h214 + h
2
15 t
2
25 =−
h14t
2
24
h15
t425 =ǫ
√
h214 + h
2
15t
2
24
h15
(B.2)
Type 2
h12 =ǫh14 h15 =0 t
2
24 =0 t
4
25 =− ǫt
2
25 (B.3)
Type 3
h12 =0 h14 =0 h15 =0 (B.4)
C T-duality of (0,0,25,-26,-23,24)
In type IIA theories, AdS4 vacua with N = 1 supersymmetry are only possible on SU(3)
structure manifolds. The general class of solutions was derived in [4], and later in the language
of Generalized Geometry in [10]. In [10], the authors also give an explicit solution of this type
on a solvmanifold with intersecting O6 planes. We will first rewrite it in our notation and then
do a T-duality in order to recover the solution of Section 4.1.
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The solution is found on the solvmanifold defined by the algebra (0,0,25,-26,-23,24). The
SU(3) structure has the form
J =e1 ∧ e2 − e4 ∧ e5 + e3 ∧ e6 ,
Ω =− i(e1 − ie2) ∧ (e3 + ie6) ∧ (e4 − ie5) , (C.1)
and the non-zero fluxes are
H =2|µ|ΩR ,
F0 =5|µ| ,
F4 =3/2|µ|J ∧ J . (C.2)
We can also define the flux part of H with :
B =− 2|µ|(−1 + α)e4 ∧ e5 , (C.3)
Hfl =2|µ|
(
−e1 ∧ e3 ∧ e5 − e1 ∧ e4 ∧ e6 + 2αe2 ∧ e3 ∧ e4 − (2− α)e2 ∧ e5 ∧ e6
)
, (C.4)
with α an arbitrary real parameter. The manifold is S1{1} ×M5, where M
5 is a T 2{3,5} × T
2
{4,6}–
fibration over S1{2}. Thus we can perform a T-duality along the direction 1. We will follow the
rules for T-duality given in [10]. We will note all the T-dual quantities with tilde.
Since the metric is the identity and the B field is only along the base, these two quantities
don’t change and we have :
ds˜2 =I6 , B˜ =− 2|µ|(−1 + α)e˜
4 ∧ e˜5. (C.5)
Next we will do the T-duality on the pure spinors. We will first define
Φ+B =e
BΦ+ , Φ−B =e
BΦ− . (C.6)
Then, the T-duality rules are
Φ˜+B =− (ι1Φ−B − e
1 ∧ Φ−B) , (C.7)
Φ˜−B =(ι1Φ+B − e
1 ∧ Φ+B) , (C.8)
with e replaced by e˜ in the above expressions. Similarly, the T-dual of the RR fluxes is
F˜ = e−2B˜ ∧ (ι1 − e
1∧)(e2B ∧ F ) , (C.9)
with, again, e replaced by e˜.
According to the T-duality rules, the component of the H-flux with one leg along the duality
direction is exchanged with some structure constants
f 1ab ↔ Hfl 1ab , (C.10)
giving the new algebra : (2|µ|35 + 2|µ|46, 0, 25,−26,−23, 24) and a new H˜fl :
H˜fl =2|µ|(αe˜
2 ∧ e˜3 ∧ e˜4 − (2− α)e˜2 ∧ e˜5 ∧ e˜6) . (C.11)
We do the transformation e˜1 → 2|µ|e˜1 in order to find the solvalgebra we considered in
Section 4.1 (with ǫ = 1) : (35 + 46, 0, 25,−26,−23, 24). We can now give explicitly the T-dual
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solution. From the transformation of the pure spinors, (C.7), we can read out the new SU(2)
structure
z =2|µ|e˜1 + ie˜2 ,
j =e˜3 ∧ e˜6 − e˜4 ∧ e˜5 ,
ωR =− e˜
3 ∧ e˜4 + e˜5 ∧ e˜6 ,
ωI =e˜
3 ∧ e˜5 + e˜4 ∧ e˜6 , (C.12)
and H flux
H = 2|µ|(e˜2 ∧ e˜3 ∧ e˜4 − e˜2 ∧ e˜5 ∧ e˜6) . (C.13)
Similarly, from (C.9) we have
F1 =10|µ|
2e˜1 ,
F3 =3|µ|(e˜
2 ∧ e˜4 ∧ e˜5 − e˜2 ∧ e˜3 ∧ e˜6) ,
F5 =− 6|µ|
2e˜1 ∧ e˜3 ∧ e˜4 ∧ e˜5 ∧ e˜6 . (C.14)
This is the solution we had in Section 4.1 with j1 = 1, ǫ1 = 1, ω1 = 1.
D Name of the new solution
We looked at the classification of six dimensional manifold in [33]. One can easily see that our
manifold (35 + ǫ46, 0, 25,−ǫ26,−ǫ23, 24) has nilradical g5.4. We rewrite our solution in Bock’s
notation in order to make the comparisons easier :
[X2, X4] =X1 [X3, X5] =X1
[X2, X6] =X4 [X3, X6] =− ǫX5 (D.1)
[X4, X6] =− ǫX2 [X5, X6] =X3
We consider manifolds that one can put under the following form :
[X2, X4] =X1 [X3, X5] =X1
[X2, X6] =ǫ2X4 [X3, X6] =ǫ3X5 (D.2)
[X4, X6] =ǫ4X2 [X5, X6] =ǫ5X3
with ǫi = ±1. One can see that by redefining X6 in −X6, one can change all the signs of the ǫi.
So without loss of generality, one can assume that ǫ2 = 1. These manifolds are all unimodular
(ie ∀X , Tr(AdX)= 0) solvmanifolds of dimension six with nilradical g5.4. One can see that up
to real redefinitions of the X ’s, the different cases are :
(ǫ3, ǫ4, ǫ5) Name
(1, 1, 1) g6.88
(−1,−1, 1) ×
(−1, 1,−1) ×
(1,−1,−1) g∗6.92
(1, 1,−1) g0,−1,16.89 = g6.91
(−1, 1, 1) g0,1,16.89 = g
0,−1
6.90
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The first row of the table corresponds to our solution with ǫ = −1 whereas the second row
corresponds to ǫ = 1. As one can see, we weren’t able to find it in the classification and called
it solv1 in the main text. Note that if one permits complex redefinitions of the X ’s, the first
four rows are equivalent and the last two are also equivalent.
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